The frame-like covariant Lagrangian formulation of bosonic and fermionic mixed-symmetry type higher spin massless fields propagating on the AdS d background is proposed. Higher spin fields are described in terms of gauge p-forms which carry tangent indices representing certain traceless tensor or gamma transversal spinor-tensor representations of the AdS d algebra o(d − 1, 2) (or o(d, 1) for bosonic fields in dS d ). Manifestly gauge invariant Abelian higher spin field strengths are introduced for the general case. We describe the general framework and demonstrate how it works for the mixed-symmetry type fields associated with the three-cell "hook" and arbitrary two-row rectangular tableaux. The manifestly gauge invariant actions for these fields are presented in a simple form. The flat limit is also analyzed.
Introduction
The problem of covariant Lagrangian description of arbitrary spin fields propagating on flat [1] - [16] and (anti)de Sitter ((A)dS) [17] - [28] backgrounds attracts considerable attention. The interest is motivated by the fact that higher spin fields and higher spin symmetries show up in a wide range of models from string theories to higher spin gauge theories describing interacting dynamics of massless fields on the Minkowski [29] - [33] and the (A)dS d backgrounds [34] - [40] (for review and more references see [39, 40] ). Possible relations of higher spin gauge theory with a tensionless limit of string theory in AdS space and boundary conformal models was extensively discussed in [41] - [58] in the context of weak coupling regime of the AdS/CF T correspondence [59] - [61] .
To date, symmetric higher spin field dynamics (both massive and massless) provides the most elaborated case among the variety of unitary irreps of Poincare and AdS algebras [2, 3, 6, 17, 18, 19, 20, 23] . To some extent, this is because in the four dimensional space-time there is no room for mixed-symmetry irreps except for dual theories involving "exotic" symmetry type dynamical variables 1 . However, for higher space-time dimensions, mixed-symmetry representations do appear and the problem of their field-theoretical description has not been yet worked out in full generality. In case of Minkowski space several approaches were suggested to analyze mixed-symmetry fields [11, 12, 14, 16] . Covariant formulation for generic mixedsymmetry fields in AdS d is still lacking however, despite some progress achieved in [22, 24, 25, 27, 28] . The peculiarity which complicates the straightforward extension of the flat results is that the classification of massless fields is essentially different for Poincare and AdS d algebras. From the field-theoretical perspective, this fact manifests itself in different sets of gauge symmetries in flat and AdS d space-times [21, 22] . As a consequence, an irreducible AdS d mixed-symmetry field decomposes into a set of flat fields in the flat limit [22] .
In this paper we propose a new approach to the covariant description of generic mixed-symmetry fields propagating on the AdS d background, which generalizes the "gauge" formulation of the symmetric field dynamics developed previously in [6, 18, 19, 20, 37] as well as analogous first-order approach elaborated by Zinoviev in [28] for particular mixed-symmetry fields.
The construction is surprisingly simple. Let a lowest weight unitary massless representation of the by cutting the shortest column and adding the longest row of length s − 1. The resulting p-form gauge field contains the physical higher spin gauge field along with all necessary auxiliary and extra fields and allows one to construct manifestly gauge invariant field strengths to be used to build invariant action in the MacDowell-Mansouri form [66] . The formulation in terms of p-form connections and higher spin curvatures allows us to control higher spin gauge symmetries in geometric terms.
As far as bosonic massless fields are concerned, the proposed formulation works equally well in de Sitter background. For fermions this is not the case because the dS reality conditions for massless fields require imaginary mass-like parameters in the action. For definiteness we will mostly refer to the AdS case in this paper.
The paper is organized as follows. In section 2 we present the general scheme, fix an appropriate set of fields and gauge symmetries, discuss a form of the action functional and generalized Weyl tensors. The particular examples of three-cell "hook" tableau, four-cell "window" tableau, and an arbitrary two-row rectangular Young tableau are considered, respectively, in subsections 3.1, 3.2 and 3.3 of section 3 . For these models we build manifestly gauge invariant actions which properly describe the field dynamics on the (A)dS d background and investigate their flat limits. Conclusion is given in section 4. where η ab is some metric, which has signature (p, r) (for the Lorentz case, for example, p = d − 1 and r = 1) and m is some non-negative integer. The condition (2.2) means that contraction of any two pairs of indices from any of the first m rows of the Young tableau gives zero. The condition (2.3) means that contraction of any pair of indices from the last q − m rows gives zero. The following lemmas are simple consequences of the definitions (2.2)-(2.3) and the Young symmetry properties of (2.1).
Lemma 1
Contraction of η (a i a j η a k a l ) with any four symmetrized indices of a tensor from B p,r m (s 1 , . . . , s q ) gives zero. − 1, 2) )so(d, 1) vector indices. We also use condensed notations of [18] for a set of symmetric vector indices: a(k) ≡ (a 1 . . . a k ). Upper (lower) indices denoted by the same letter are assumed to be symmetrized as
3 Usually, the parameter q in (2.1) satisfies the inequality q ≤ ν, where ν = [ Lemma 1 is a corollary of (2.2) and the Young symmetry properties, which guarantee that any group of symmetrized indices can be placed in the first row.
Lemma 2 From Lemma 1 it follows that
4)
i.e. any double trace gives zero provided that any three of the contracted indices are symmetrized. This is because η ab η cd belongs to the symmetric part of the tensor product where blocks are described by the sets of pairs of positive integers (s i , p i ) with s 1 >s 2 > · · · >s k > 0 and p i such that i p i = q. The exact identification in (2.7) is
(2.8) For the upper block it is sometimes convenient to use notationss 1 = s and p 1 = p.
Recall that a rectangular block is invariant (may be up to a sign) with respect to exchange of its rows. As a result it follows Lemma 4 Once (2.3) is true for one of the rows of a rectangular block it is true for the entire block, i.e. B p,r m 1
Therefore, it is sufficient to impose the trace condition (2.3) only for a particular row inside a horizontal block (e.g., upper row).
Background geometry and compensators
The background Minkowski or (A)dS d geometry is described by the frame field h a = h n a dx n and Lorentz spin connection ω ab = ω n ab dx n which obey the equation
where A formal complication for the de Sitter case is that these terms become imaginary.
In the sequel, we extensively use (A)dS d covariant notations and operate with Young tableaux
To relate the (A)dS covariant approach with the Lorentz approach it is useful to introduce the compensator field V A (x) normalized as V A V A = ± 1 [67] . It allows one to identify the Lorentz subalgebra so(d − 1, 1) of the (A)dS d algebra (so(d − 1, 2))so(d, 1) with the stability algebra of the compensator. With the help of the compensator field, the covariant splitting of the (so(d − 1, 2))so(d, 1) 1-form connection Ω AB = −Ω BA into the frame field E A and the Lorentz spin connection ω AB = −ω BA is defined as follows
The metric tensor is g mn = E m A E n B η AB . In these notations, the background (A)dS d geometry is described by the (A)dS d connection W AB =(h a , ω ab 0 ) satisfying the zerocurvature equation (see, e.g., [39] for more detail)
The action of the covariant derivative D 0 on an arbitrary (A)dS d tensor is given by
(2.14)
2.3 Mixed-symmetry bosonic massless fields Massless and singleton fields on AdS d are described by UIRs with lowest energies saturating the unitarity bound E 0 = E 0 (s). As shown in [21] , for bosonic fields
A mixed-symmetry massless higher spin bosonic particle with spin s = (s 1 , ..., s q , 0, ..., 0) can be described by the field
where p is the height of the upper rectangular block of the Young tableau Y (s 1 , s 2 , . . . , s q ), i.e.
The field Φ (s 1 ,...,sq) (x) generalizes the fluctuational part of the metric field in gravitation and will be referred to as metric-type field. (One can use either tangent or world indices since they can be converted into each other by the background frame 1-form h a .) The trace conditions (2.2), (2.3) imposed on the metric-type field Φ (s 1 ,...,sq) (x) generalize the Fronsdal double-tracelessness condition for totally symmetric fields [3] to higher spin fields of any symmetry type. Note that there are other generalizations of Fronsdal trace conditions for mixed symmetry fields in the literature [10, 11, 12] . Our choice differs from some of them in that the double-tracelessness condition is imposed on the upper rectangular block while the rest of the Young tableau obeys the single-tracelessness condition (the distinguished role of the upper rectangular block is clear from (2.16) and will also be commented on later). The discrepancy between our approach and others comes to light for non-rectangular Young tableaux which contain at least two different blocks of length 2 or more. The simplest example is provided by the Y (3, 2) tableau.
In our formulation, the flat space higher spin gauge transformations have a structure analogous to that proposed in [11] 
) .
(2.21)
, which generalizes the linearized diffeomorphism transformation of the frame field, belongs to the same representation B
) and generalize the linearized Lorentz transformations of the frame field. They take values in the tangent Young tableaux which differ from that of ω (p) by one extra cell in l th row. This extra cell is always contracted with the tangent index of the background frame field h. P (i) are projectors that take proper account of Young symmetrizations. The metric-type field is expressed in terms of the component fields of (2.20) as follows The role of the gauge parameters ξ (p−1) , which appear in the gauge law (2.21) without derivatives, is to compensate redundant components of the p-form field (2.20) compared to the metric-type field (2.22 [6] to describe totally symmetric spin-s gauge fields. Note that the same formalism can be used to describe dynamics in dS d .
To construct manifestly gauge invariant action one has to introduce more fields which generalize auxiliary and extra fields of [6] , [18] , [19] . The idea is to associate the shift gauge parameters of (2.21) with some new gauge fields which generalize Lorentz connection. These will be called auxiliary fields, while the original p-form (2.20) will be referred to as physical field. The auxiliary fields have transformation laws analogous to (2.21) with the derivative parts containing the shift parameters from the gauge transformation law (2.21) of the physical p-form. In addition, there will be some new shift parameters in the transformation laws of the auxiliary fields. In their turn, these new shift parameters require new gauge fields called extra fields. This procedure extends further to obtain a full set of physical, auxiliary and extra fields necessary to construct curvature (p + 1)-forms manifestly invariant under the full set of gauge symmetries. The analysis of the pattern of the full list of additional gauge fields is greatly simplified by the observation applied in [37] to the case of totally symmetric fields that they all result from "dimensional reduction" of a pform gauge field carrying an appropriate irreducible representation of
(A)dS d covariant setup
As explained below, the appropriate set of gauge fields is given by a p-form
which takes values in the representation of the AdS d algebra described by the traceless Young tableau Y (r 0 , r 1 , . . . , r q ) with
(Contraction of any two tangent indices A with the o(d − 1, 2) invariant metric η AB gives zero.) In other words, to describe a massless particle associated with the vacuum energy representation (2.15)
we suggest to use the p-form connection (2.23) which takes values in the representation
The rule therefore is: to obtain the (A)dS d tensor representation of the gauge field one cuts the shortest column and then adds the longest row to the Young tableau of the vacuum energy representation under consideration. The gauge field is a p-form where p is the height of the cut column of the original vacuum representation.
, s p+1 , . . . , s q ) can be depicted as
The set of various p-form Lorentz gauge fields, including physical, auxiliary and extra fields, associated with a particular mixed-symmetry representation of the AdS d algebra, is in the one-to-one correspondence with the set of irreducible representations of the Lorentz subalgebra
, s p+1 , . . . , s q ). In practice, Lorentz component fields are identified with various independent traceless V -transversal components in the original o(d − 1, 2) traceless Young tableau. For the particular case of gravitation it works as in Eq.(2.11). The decomposition of an arbitrary mixed-symmetry field yields the set of p-form Lorentz tensor fields represented by the following Young tableaux: 27) (with the convention thats 1 = s − 1 ands k+1 = 0). The corresponding Lorentz tensors result from contractions of some of the indices of the original o(d−1, 2) tensor with the compensator V A along with projecting out the V A transversal components with respect to the rest of indices. In the tableau (2.26) the indices contracted with the compensator are denoted as o . They disappear from the resulting Lorentz tableau drown in bold because the compensator is, by definition, Lorentz invariant. Clearly the result is equivalent to the dimensional reduction of an irreducible tensor to one lower dimension 5 . Note that in the list of resulting Lorentz tableaux no two contractions with the compensator hit the same column, i.e., no two cells o are situated one under another. This is because the product of two compensators V A V B is a symmetric tensor.
To summarize, the decomposition of the (A)dS d p-form gauge field with tangent indices given by the traceless
where the fields ω (p) (t 1 ,..., t k ) parameterized by the integers t i (2.27) have tangent indices given by various traceless o(d − 1, 1) Young tableaux (2.26), (2.27).
The dynamical interpretation of different Lorentz fields is as follows:
• The physical field corresponds to the tableau (2.26) with t i =s i+1 for all i, which is equivalent to cut off the upper row in the Young tableau (2.25) . This means that the physical field is identified with the maximally V -tangential component of the (A)dS field (2.23), associated with the contraction of its s − 1 indices with V A , i.e. • The auxiliary fields have tangent Lorentz tableaux which differ from the physical field by one cell, i.e. they correspond to tableaux (2.26) with t j =s j+1 + 1 for some particular j, while t i =s i+1 for all other i. There are k different auxiliary fields for a Young tableau composed of k blocks (2.25).
• The class of extra fields includes all the rest Lorentz tableaux (2.26) having two or more additional cells compared to the physical field tableau.
The linearized higher spin curvature (p + 1)-form associated with the gauge pform field (2.23) -(2.25) is 
under the gauge transformations
with the (p − 1)-form gauge parameter ξ (p−1) A 0 (s−1), ... , Aq(sq) and satisfies Bianchi identities
as a consequence of the zero-curvature condition D 2 0 = 0 (2.13). Another consequence of the zero-curvature condition is that the gauge transformations (2.32) are reducible. There exists the set of level-(l + 2) (0 ≤ l ≤ p − 2) gauge parameters and gauge transformations of the form
The gauge transformation law (2.32) gives precise form of (2.21) along with gauge transformations for all auxiliary and extra fields.
Fermionic mixed-symmetry massless fields
Formulation of mixed-symmetry fermionic massless fields is analogous. Consider a fermionic field which describes upon quantization the unitary module over the AdS d symmetry group o(d − 1, 2) induced from the vacuum module over its maximal compact subgroup o(2) ⊕ o(d − 1), characterized by some energy E 0 and "spin" 
and , r) ). It follows from the condition (2.37) that contraction of any two pairs of indices from any of the first m rows of the Young tableau gives zero. Also, it follows from (2.38) that contraction of any pair of indices from the last q − m rows gives zero.
To describe AdS d dynamics of a spin-s massless fermion, introduce a Lorentz spinor-tensor field 
Analogously to the case of bosonic fields, the metric-type field (2.39) is replaced by the p-form spinor-tensor field 
42) where the background connection W AB satisfies the zero-curvature condition (2.13) and
The fermionic curvature
The physical field is 
Here E is the background frame field and α ··· (V ) are some coefficients which parameterize various types of index contractions between curvatures, frame fields and compensators. Any such action is gauge invariant with respect to the full set of gauge transformations because of (2.31), (2.32) and (2.44), (2.45).
The coefficients have to be determined by imposing the extra field decoupling condition which, effectively, requires the action to be free of higher derivatives of the physical field. Actually, in the fermionic case, the higher spin equations should be first-order that will be true if the variation of S 2 with respect to all extra fields is demanded to identically vanish [20] . In the bosonic case, the higher spin equations are of second-order. As the auxiliary fields are expressed by virtue of their equations of motion in terms of first derivatives of the metric-type field Φ (s 1 ,...,sq) modulo pure gauge parts, the bosonic equations of motion will be of second-order once the variation of S 2 with respect to extra fields vanishes identically [19] . As soon as the coefficients that guarantee independence of extra fields are found, the resulting action will, by construction, be invariant under correct higher spin gauge transformations and give rise to invariant differential equations for the metric-type field Φ a 1 (s 1 ), a 2 (s 2 ), ... , aq(sq) (x) in the bosonic case and ψ α |a 1 (s 1 ), a 2 (s 2 ), ... , aq(sq) (x) in the fermionic case. Realization of this program for a general massless field will be given elsewhere. In Section 3 we illustrate how it works for some simple examples.
Although extra fields do not contribute to the free higher spin action, they play a role at the interaction level. It is therefore necessary to express auxiliary and extra fields in terms of derivatives of the physical fields by appropriate constraints. The strategy that proved to be most appropriate for the case of symmetric fields [18, 19, 20] is to impose constrains in terms of linearized higher spin curvatures setting to zero as many of their components as possible to express algebraically auxiliary and extra fields in terms of derivatives of the physical fields. These constraints generalize the zero-torsion constraint in gravity which expresses Lorentz connection in terms of first derivatives of the physical field identified with the frame 1-form.
The analysis of constraints for the case of generic mixed symmetry massless fields is important in several respects. In particular, it provides a starting point towards the unfolded formulation of nonlinear higher spin dynamics in the form of appropriate covariant constancy conditions. For the case of totally symmetric massless fields it is known [19, 20] that the constraints for auxiliary and extra fields along with the field equations and Bianchi identities allow one to set equal to zero most of the components of the linearized higher spin curvatures. By analogy with gravity, the non-zero components are called higher spin Weyl tensors. As imposed constraints express all fields in terms of derivatives of the physical higher spin field, the generalized Weyl tensors turn out to be expressed in terms of derivatives of the physical field and, being components of the higher spin curvatures, remain invariant under the higher spin gauge transformations. As a result, generalized Weyl tensors parameterize those gauge invariant combinations of derivatives of the physical fields which remain nonzero on-mass-shell. The full analysis of their structure, as well as of the structure of constraints, is beyond the scope of this paper. Here we only would like to note that our construction naturally gives rise to the Weyl tensors analogous to the gauge invariant mixed symmetry higher spin curvatures found by Medeiros and Hull in [16] within non-local formulation of higher spin dynamics in Minkowski space.
Since an irreducible AdS d system decomposes in the flat limit into a set of independent mixed-symmetry Minkowski higher spin fields, it is natural to conjecture that the Weyl tensors associated with any irreducible flat space subsystem should appear. From the analysis of [22, 16] it follows that the set of flat space generalized Weyl tensors associated with the AdS d mixed-symmetry field, described in terms of a p-form connection taking values in the AdS d Young tableau (2.25), is given by the set of various Young tableaux of the form As follows from the analysis of [19, 36, 37] , primary Weyl tensors are classified by the cohomology group H p+1 (σ − ), where σ − is the part of the full AdS d covariant derivative that decreases a number of Lorentz indices (σ − was called τ − in [19] ). It has the following structure
where α i (r j ) are some coefficients and P (i) are projectors that guarantee that l.h.s. of (2.56) is some Young tableau Y (r 0 , . . . , r q ) from the list of Lorentz representations (2.26), (2.27) associated with the system under consideration 7 . As a consequence of the flatness of the AdS d covariant derivative (2.13), the operator σ − turns out to be nilpotent, σ 2 − = 0. (Note also that the operator σ − is Lorentz invariant.) Then one can see that Bianchi identities require a part of the curvature associated with a primary Weyl tensor to be σ − closed, i.e. to satisfy σ − (R) = 0. On the other hand any σ − exact part of R can be adjusted to zero by an appropriate choice of constraints for auxiliary and extra fields.
It is elementary to see that the curvature (2.55) belongs to H p+1 (σ − ) using a basis for Young tableaux with antisymmetries associated with the columns manifest. Indeed, the application of σ − (2.56) may give a non-zero result only if the index of the frame field is contracted with some of the indices of the shortest columns of height p + 1 (all other terms are projected to zero by the projectors in (2.56) because any Young tableaux with a cell cut from any other column is not in the list of the Lorentz representations associated with the chosen field). In that case, the result is also zero because of the Young property of Young tableaux in the antisymmetric basis, which requires that antisymmetrization of all indices of some column and any index from some other column of less or equal height gives zero. The antisymmetrization over p + 2 indices results from contraction with p + 2 frame 1-forms.
Thus the curvature (2.54), (2.55) is σ − closed. But it cannot be σ − exact because the Young tableau (2.53) just does not appear among the Lorentz representations contained in exact curvatures. Indeed, tensoring the form indices with the tangent ones for any allowed W in the exact representation R a 0 (r 0 ), ... ,aq(rq) = σ − (W ) a 0 (r 0 ), ... ,aq(rq) it is possible to obtain tableaux with at most p cells in the last right column.
Note that traces contained in the primary Weyl tensor need separate consideration because traces of components having different Young symmetry types may be related. We therefore consider traceless
Thus, the frame-like formulation of the mixed symmetry massless higher spin fields we propose leads to the on-mass-shell nontrivial primary Weyl tensor C a 0 (s),...,ap(s),a p+2 (s 2 ),...,a p+p 2 (s 2 ),...,aq(s k ) (x) invariant under AdS d higher spin gauge symmetries. By construction, it contains s −s 2 derivatives of the physical field 8 and is described by the Young tableau (2.53). Other tensors in (2.50) contain more (but no more than s) derivatives of the physical field. They are expressed via derivatives of the primary AdS d Weyl tensor but are expected to become in the flat limit primary Weyl tensors associated with independent flat higher spin subsystems.
Examples
To illustrate the general scheme described in section 2, we first consider two simplest examples of mixed-symmetry fields, namely, a three-cell "hook" field Φ a(2), b (x) and a four-cell "window" field Φ a(2), b(2) (x). In each case we present the full set of p-form gauge fields which consists of the physical and auxiliary fields and build the actions which properly describe irreducible (A)dS d dynamics 9 . We derive the second-order equations of motion on the metric-type fields Φ a(2), b (x) and Φ a(2), b(2) (x) which, in an appropriate gauge reproduce the equations obtained by Metsaev [21] . The sets of fields we use in this section are equivalent to those used by Zinoviev in [28] to describe "hook" and "window" tableaux within first-order formalism. The universal p-form description suggested in this paper makes higher spin symmetries manifest, however. In the flat limit, the "hook" theory yields an additional symmetry not placed in the initial (A)dS d formulation. The case of "window" tableau is generalized to rectangular two-row Young tableau of an arbitrary length in subsection 3.3. The action is uniquely fixed by the extra field decoupling condition.
Three-cell "hook" tableau
Consider Lorentz "hook" field Φ
[ab], c (x) which is antisymmetric in the first two
, c (x) and satisfies the Young symmetry condition
The Lagrangian formulation for the metric-type field Φ [ab] , c (x) in the flat background was elaborated in [7, 8] . The corresponding action is invariant under the gauge transformation
with antisymmetric gauge parameter Λ [ab] (x) = −Λ [ba] (x) and symmetric gauge parameter S ab (x) = S ba (x). There is the level-2 gauge transformation with the gauge parameter ξ a (x)
The generalization of the flat theory to AdS d was constructed in [22] . It was shown that an appropriate deformation gives rise to an action invariant under 4) while the gauge symmetry with the parameter S ab is lost in AdS d . The absence of this gauge invariance is in agreement with the fact that physical degrees of freedom 9 In the case of dS d space-time we do not require the theory to describe unitary dynamics with bounded energy. 10 In what follows, we adopt for "hook" and "window" Young tableaux antisymmetric basis notations. Namely, indices placed in square brackets are assumed to be antisymmetrized as
of massless AdS d fields are not described by irreps of Wigner little group o(d − 2) [22] . For this particular example, an AdS d massless "hook" field decomposes in the flat limit into a massless "hook" field and a massless spin-2 symmetric field. To reformulate the AdS d theory of the metric-type field Φ [ab] , c (x) [22] within the scheme of section 2 we introduce the physical and auxiliary 1-forms
with antisymmetric tangent Lorentz indices. Linearized curvature 2-forms associated with (3.5) are
(1) , (3.6) where D is a background Lorentz derivative. These curvatures are invariant under the gauge transformations
(1) = Dξ
( 3.7) with 0-form gauge parameters ξ
[ab]
(0) and ξ
[abc]
(0) antisymmetric in tangent indices. The gauge symmetry implies the following Bianchi identities
To see how the metric-type field Φ
[ab],c (x) is encoded in the gauge field e n [ab] (x) with the gauge law (3.7) we decompose the Lorentz 1-form gauge fields (3.5) into different Young symmetry type components as (2, 1) is identified with the dynamical metric-type field. Its gauge transformation derived from (3.7) reads
and is in agreement with (3.4). The totally antisymmetric component
[ab] (x) is compensated by the gauge shift generated by the 0-form gauge parameter
(0) (3.7). The Lorentz fields combine into a single 1-form field with (A)dS d tangent indices as
= r
(2) , ξ
The gauge transformations, curvature and Bianchi identities take now the form
, R
,
where D 0 is the background (A)dS d derivative (2.13), (2.14).
The most general parity-invariant action is written in terms of (A)dS d covariant tensors
(3.14)
Here κ 1,2 are arbitrary dimensionless constants. By adding the total derivative term
the freedom in κ 1,2 can be fixed up to an overall multiplicative factor in front of the action (3.14). The variation of the action yields the following equations of motion:
Converting all world indices into tangent ones, the equation of motion (3.16) can be rewritten in terms of Lorentz components (3.12) as
The general solution for these linear restrictions on the curvatures r and R which conform Bianchi identities (3.8) is
where 0-forms
They parameterize those components of the field strengths which can be nonzero on-mass-shell and are called higher spin Weyl tensors. The tensor
is the particular case of the primary Weyl tensor (2.53). The tensor C
[abc], [df ] , corresponds to the additional Weyl tensors (2.50) and can be expressed as a first derivative of T
[ab], [cd] . Note that in the limit λ = 0 the tracelessness condition for T [ab] , [cd] disappears. This reflects the fact of appearance of an additional symmetry in Minkowski space (see below).
The equation (3.18 ) is the constraint which expresses the auxiliary field in terms of derivatives of the physical field. By gauge fixing X
[abc] to zero (cf. (3.7), (3.9)) one finds
For this gauge it follows that Y abcd = 0 in (3.10). Substituting (3.22) into the equation (3.17) which contains first derivatives of the auxiliary field, one finds the second-order equation on the metric-type field Φ
where terms containing 24) where D m is the background Lorentz derivative (2.10). This equation coincides with that found in [22] and, in the covariant gauge
[ab], b = 0, reproduces the equation found by Metsaev [21] .
By virtue of Bianchi identities (3.8), the second-order equation (3.23) can be equivalently rewritten in the form 25) where
(2) (3.6). By construction, the tensor F
[ab], [cd] is invariant under the gauge transformations of the metric-like field (3.11) . This implies that the secondorder equation of motion (3.25) which has the symmetries of the field Φ
[ab],c is gauge invariant. Now let us discuss the flat limit of the action (3.14) and equations (3.23), (3.25) . As is seen from the equations of motion (3.16) , all terms containing poles 1/λ enter the action through total derivatives. As a result, the action admits a well defined flat limit at λ → 0 (3.14) upon adjusting appropriate total derivative terms carrying negative powers of λ. Indeed, making use of the freedom in the parameters κ 1,2 (3.14), the action (3.14) can be rewritten in the form valid both for the flat and (A)dS d backgrounds
For the flat space case one replaces D m → ∂ m . The equations of motion have the form (3.19) and (3.20) at λ = 0. However, a special feature of the theory in the flat limit is that, in accordance with (3.2) , an additional symmetry with the symmetric parameter S ab = S ba , S a a = 0 appears in flat background [22] for the second-order field equations (3.23) . Note that trivialization of the second equation in (3.21) in the flat limit is just the Noether identity for this new symmetry.
It is worth to comment that in our formalism there is a systematic way to show that the gauge invariance with the symmetric parameter S ab appears in the flat limit by observing that the expression (3.22) [7, 27] . These tensors get natural geometric interpretation of particular field strength and connection in our geometric approach. The difference in their interpretation is because only one of the two types of symmetries remains unbroken in AdS d .
Four-cell "window" tableau
The mixed-symmetry field described by the four-cell rectangular "window" tableau was considered in [12, 62, 63] for the flat background and in [27] for the (A)dS d background. Here we demonstrate how our approach reproduces the analysis of [12, 27] .
Consider Lorentz "window" field Φ The corresponding gauge symmetry is given by [12] or not [27] . In the latter case the gauge transformations (3.28) (3.28) . In accordance with the general prescription of section 2 introduce the physical and auxiliary 2-form fields
(3.29)
with antisymmetric tangent Lorentz indices. Linearized curvature 3-forms are
. (3.30)
They satisfy Bianchi identities 3.31) and are invariant under the gauge transformations
(1) , δω
(3.32)
with the 1-form gauge parameters ξ
(1) and ξ
(1) antisymmetric in tangent indices. The gauge transformations (3.32) are reducible. The corresponding transformations of the gauge parameters ξ [ab] (1) and ξ [abc] (1) read δξ [ab] (1) = Dχ
with the level-2 0-form gauge parameters χ
(0) antisymmetric in the tangent indices.
Decompose the 2-form gauge fields (3.29) into (1) with its totally antisymmetric part fixed to zero with the aid of the level-2 gauge parameter χ 
The gauge transformations, curvature and Bianchi identities take the form
where D 0 is the background AdS d derivative (2.13), (2.14).
The parity-invariant gauge invariant action is uniquely fixed to the form
. (3.39)
Its variation gives rise to the equations of motion:
Rewriting the equation (3.40) in Lorentz components one finds (3.24) . The equation is invariant under the gauge transformations (3.36) and, in the covariant gauge, reproduces the equation found by Metsaev [21] . As expected [22] , the flat limit of the field equation (3.45) yields no additional symmetries.
Note that the field ω [abc],[de] (x) (3.35) which appears as Y (2, 2, 1) component of the auxiliary 2-form connection in our formalism, was introduced by Zinoviev in [28] . The Lagrangian of [28] is a particular gauge fixed version of (3.39).
Two-row rectangular tableaux
Consider now an arbitrary two-row rectangular Lorentz bosonic field propagating on the flat or (A)dS d background. The consideration of the present section is in many respects parallel to that of [19, 37] for totally symmetric higher spin fields.
Introduce 2-form gauge field which forms an (A)dS d tangent tensor described by the three row rectangular Young tableau , (3.48) where all Lorentz Young tableaux on r.h.s. of (3.48) are traceless. In accordance with the prescription of section 2, the Lorentz 2-form field with zero third row (t = 0) is called physical, while those with non-zero third row are auxiliary (t = 1) or extra (t > 1) and express via derivatives of the dynamical field by virtue of certain constraints. We do not discuss here the structure of constraints for extra fields as they do not contribute to the free equations of motion. The auxiliary field is expressed in terms of the physical one by virtue of its field equation. The gauge transformations are
(3.49)
with the 1-form gauge parameter ξ (1) subject to the same irreducibility conditions as the field Ω (2) . In its turn, the gauge parameter ξ (1) has level-2 gauge transformation (s, s − 1). The metric-type gauge field (3.52) subject to the trace conditions (3.53) is analogous to that considered in [12] . The field trace conditions of [12] arise automatically in our approach as a consequence of the irreducibility of the 2-form in the tangent indices. The difference however is that the gauge parameter is not required to be traceless. Instead, weaker trace conditions (3.57) are imposed, i.e. we have more gauge symmetries manifest in our approach.
Let us look for a parity-invariant action in the form 
back into the action gives rise to the higher spin action expressed entirely in terms of the metric-type field (3.52) and its first derivatives. The gauge invariance is inbuilt by construction. The flat limit does not yield any additional gauge symmetries. This is in agreement with the general analysis of [22] , where the class of Poincare irreps described by rectangular tableaux was argued to admit an AdS d deformation. Therefore, the resulting action possesses correct higher spin gauge symmetries and describes properly both Minkowski and (A)dS d free dynamics.
Conclusion
The general approach proposed in this paper provides manifestly gauge invariant framework for the formulation of the dynamics of mixed-symmetry massless higher spin gauge fields in (anti) de Sitter and flat space. As demonstrated by the particular examples, the realization of the relevant sets of higher spin fields in terms of p-forms taking values in certain irreducible representations of the (A)dS algebras simplifies analysis considerably and looks promising for the description of the Lagrangian dynamics of a general mixed-symmetry field in (A)dS d . Because higher spin gauge forms introduced in this paper should result from gauging of some non-Abelian higher spin symmetries the proposed approach provides an important information on the structure of underlying higher spin algebras.
Let us note that our approach gives less components for a generic mixed-symmetry metric-type field compared to other examples considered in the literature [11] within local formulation of higher spin dynamics. This phenomenon takes place starting from the first nontrivial example of the field of the symmetry type Y (3, 2). It remains to see whether this indicates some type of reducibility of models of Ref. [11] or is just a matter of particular gauge fixing. The same time we have more higher spin gauge symmetries manifest compared to some other examples [12] .
